Objective: An increasing number of studies have shown the anti-depressive effect of qigong. However, its underlying mechanism remains poorly understood. This study aims to systematically review and meta-analyze existing literature on the mechanism of qigong in reducing depression.
iNTRODUCTiON Depression is a common and serious mental health disorder that is estimated to affect 350 million people worldwide (1) . The most common type of depression is major depressive disorder characterized by depressed mood, loss of interest or pleasure, and altered cognition and which is expected to become the second leading contributor to overall disease burden by 2030 (2) . The large number of people suffering from depression has caught researchers' attention. In order to seek effective treatment for depression, understanding of the pathophysiological changes in patients with depression is an urgent need. Change in the endocrine and immune systems in patients with depression is one of the current major research foci on depression.
The limbic system in the human brain is responsible for emotion regulation. Depressive symptoms are likely to be related to dysfunction in the brain networks linking the limbic system and cortical regions (3) . More importantly, the limbic system is responsible for controlling the function of the hypothalamicpituitary-adrenal (HPA) axis. Under stressful situations, the HPA axis will be activated. Once the HPA axis is hyperactive, an increased amount of glucocorticoid will be released into the body, which is thought to be an etiological factor of depression (4) . This constitutes a pathophysiological explanation why an increased level of cortisol is often observed in patients with depression. In addition, desensitization of the glucocorticoid receptor (GR) may play a role in the pathology of depression. GR is extensively distributed throughout the hippocampus and is responsible for the feedback mechanism that regulates the HPA axis (5) . When GR in the hippocampus detects an increased level of cortisol, the hippocampus regulates the hypothalamus to decrease corticotrophin-releasing hormone and thus reduce the level of cortisol via a negative feedback loop. However, patients with depression have impaired GR and are not able to control this process (6) .
Considering that the HPA axis is linked to immune response, abnormal activities in the immune system are found to be concurrent with depression (7) . An overactivation of the innate immune system has been shown in individuals with depression (8) . Notably, there is an association between proinflammatory cytokine alterations and depression (9) . Several studies have reported that glucocorticoids will increase antiinflammatory cytokine levels and decrease pro-inflammatory cytokine levels (10) . Pro-inflammatory cytokines may produce many neurological changes that are related to the pathology of depression, including decreased neurogenesis, regional brain abnormalities, changes in the monoamine system, and neurodegeneration (11) . Based on the above literature, current research suggests that both the endocrine and immune systems may play a role in depression.
Currently, therapeutic administration of antidepressant medication is the most common treatment for depression. Antidepressants have anti-inflammatory properties affecting the levels of pro-inflammatory cytokines. Serotonin reuptake inhibitors (SSRIs), a common type of antidepressant, mainly function in raising the levels of serotonin and reducing cortisol secretion in the brain (12) . Also, SSRIs are able to increase the concentration of anti-inflammatory cytokines in the serum of depressed patients (13) . Although taking SSRIs could be effective in reducing depressive symptoms, there are many side effects found in depressed patients following drug treatment (14) . Side effects of currently available drug treatment include headache, sedation, sleep disturbance, alteration of cardiovascular function, and bone loss (12) . As a result, researchers are seeking better options for treating depression.
Recently, a growing number of studies are investigating the effect of qigong on depression (15) . Qigong is an ancient Chinese healing art having a history of 7,000 years (16) . According to the Traditional Chinese Medicine (TCM) theory, it is a mind-body discipline which does not only focus on the health-related benefits of physical fitness but is integrated with mindfulness-based practices as well as somatic experiences to improve mental health (17) . The basic components of qigong involve concentration, relaxation, meditation, breathing regulation, body posture, and movement (18) . Qigong is often performed in association with abdominal breathing and some mindfulness elements. By combining movement and concentration, individuals experience the enhanced flow of "qi, " which is considered as the vital life-force energy within the body (17) . In TCM theories, qigong is a generic term to refer to all kinds of mind-body practices with a view to mobilize the flow of qi inside the human body. Smooth flow of qi along meridian channels in the body is considered a condition of health (19) . Due to the long history of qigong, many different types and forms are now in place. The most popular protocols include Wuqinxi, Baduanjin, Yi Jin Jing, Liu Zi Jue, and Ma Wang Dui Dao Yin Shu (20) . In China, approximately 5% of the 1.3 billion people practice qigong to improve their health and prevent diseases (21) . Moreover, qigong has become more and more popular in foreign countries. In recent years, people from Western countries have also started to practice qigong. According to Lauche et al. (22) , 7.38 million US adults are practicing Tai chi or qigong on a daily basis.
Practicing qigong can be very beneficial to our physical and mental health (23) . A recent systematic review shows that qigong practice can improve quality of life, sleep quality, balance, handgrip strength, trunk flexibility, blood pressure, and heart rate (24) . Another review puts focus on the psychological benefits of qigong and suggests that it can reduce stress and anxiety in healthy adults (25) . Due to the wide range of physical and mental health benefits, qigong is well placed to assist in improving the health of many people.
It is noteworthy to know that qigong is not only practiced by healthy people but also patients in various clinical settings. Healthcare professionals have been applying it as an alternative treatment among patients with diversified clinical conditions (26, 21, 27) . Recently, a systematic review found that qigong was effective in reducing depressive symptoms (28) . Most importantly, it was found that qigong exercise produced a similar effect to SSRIs (4) on depressive symptoms (29) . If qigong is confirmed to be an evidence-based adjunct intervention, it is likely that the dosage of medication and, hence, its side effects could be reduced.
Although more and more evidence bolsters that qigong is useful in treating depression, its underlying mechanism remains a mystery. Some researchers therefore began to unravel the mechanism of the anti-depressive effects of qigong. Tsang and Fung (14) performed literature review and proposed possible psychological and neurobiological mechanisms that may explain the anti-depressive effect of qigong. Tsang and Fung suggested that qigong is able to reduce stressful signals from the limbic system and thus lower the level of HPA activity. Although research that investigates the psychological mechanism of qigong on depression is sparse, Tsang and Fung suggested that selfefficacy is an important psychological mechanism that regulates depressive symptoms through the use of qigong.
Unfortunately, most of the studies in this area only focus on one aspect of the mechanism. Most reviews did not provide a full picture of how qigong may affect our physical and mental health. For example, Lee et al. (30) investigated the effect of qigong on the neuroendocrine system, Tsang et al. (12) investigated the psychological mechanism of qigong practice, and Li et al. (31) investigated the effect of qigong on the physiological system. A surge in the practice of qigong in recent years has led to an increased need in understanding the underlying biological mechanisms leading to improved physical and mental health. The objective of the present systematic review and meta-analysis is to identify possible neurophysiological and psychological symptom domains of the anti-depressive effects of qigong. To our knowledge, this is the first study that used a meta-analytic approach to address the above issue.
MeTHODS
The review procedure follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (32) .
Data Source
Studies were searched from multiple databases, including PsycINFO, PubMed, Embase, ScienceDirect, and Academic Search Premier from inception to December 2018. The same set of search terms was used to search for all of the databases mentioned above. Since a large number of search terms were used in this review, the search terms and strategies used are presented in Appendix 1. Reference lists of relevant studies were screened.
Study Selection
All results' title and abstract were exported to EndNote X7 for removing duplications and further screening of eligibility. In order to assess the eligibility of each study, a set of inclusion and exclusion criteria was established. Studies were included if: 1) the independent variable was qigong; 2) the dependent variable involved any types of neurophysiological or psychological indicators and a measurement of depression; 3) they were randomized controlled trials or quasi-experimental studies; 4) they were published in English; and 5) they were full-length articles in peer-reviewed journals. Exclusion criteria included studies that 1) were qualitative in nature; 2) only described the research protocols; 3) use external qigong as independent variable; 4) had no assessment on depression; 5) use a depressed sample with comorbid psychiatric conditions; 6) no underlying biological mechanism was investigated; and 7) were written in languages other than English. All of the studies were screened by two independent reviewers. Disagreement was resolved through discussion until a compromise was reached.
Data extraction
The following data were extracted from the studies: 1) sample size; 2) study population; 3) types and duration of intervention; 4) control group information; 5) types of outcomes; and 6) study results according to PRISMA guidelines. This process was performed by two independent reviewers to ensure the accuracy of the information.
Quality Assessment
The risk of bias tool developed by Cochrane Collaboration was used to assess all the included studies. Eight categories of bias, including selection bias, performance bias, detection bias, attrition bias, reporting bias, and other bias which did not fit into any of the above categories, were assessed. Two independent reviewers rated each item for all the included studies. Their results were compared, and disagreement was resolved through discussion until a consensus was reached.
Data Synthesis and Meta-Analysis
Studies which included a comparison group were meta-analyzed. But a minimum of three studies with the same outcome were needed. Since different depression scales were used in different studies, the standardized mean difference (SMD) was adopted for the meta-analysis of the effect of qigong on depression. For other outcomes, mean differences were used. Publication bias was tested using Egger's regression. If the p value was less than 0.1 in the two-tailed test, the outcome was not included in the meta-analysis. If the p value was larger than 0.1, meta-analysis was conducted. Review Manager 5.3, developed by the Cochrane Collaboration (2014), was used to analyze the results of studies included in the meta-analysis. Heterogeneity was tested and I 2 was reported. A random effects model was used for heterogeneity (p < 0.05), while a fixed effects model was used when heterogeneity was not significant (p > 0.05) (33) .
ReSULTS

Search Results
A total of 1,029 articles were identified from the databases based on our proposed keywords. After initial screening of the titles and abstracts, both reviewers identified 90 articles that were potentially suitable to be included in this review. During fulltext screening, we found 57 studies without any measurement of depression, eight studies without mentioning any mechanism, six studies adopting qualitative methods, three studies which were protocols, two studies not in English, one study which did not use qigong as the intervention, and one study which used external qigong as intervention. Hence, these studies were excluded. After assessing full-text articles, nine studies were eligible following our selection criteria listed earlier (Figure 1) .
Description of the included Studies
Among the included studies, the sample size varied from 24 to 116 participants. Participants were either adults or older adults, ranging from 18 to 84 years of age. Regarding the target population, five studies used healthy subjects, two studies used patients with depression, one study used patients with breast cancer, and one used adults with hypertension. Only one study used patients with major depressive disorder as subjects, and they were on escitalopram. The types of qigong intervention varied across the included studies. Eight Section Brocades (or Baduanjin) was used in two studies, whereas the remaining seven studies used seven different interventions, including Yi Jin Ten-Section Brocades, Tai chi, Chan Ming Gong, self-healing qigong, Guolin New Qigong, Guolin Qigong, and Laughing Qigong. For the control group, four studies used waitlist control, two studies used newspaper reading program, one study used health education program, one used conventional exercise, and one used treatment as usual.
Effect of Qigong on Depression
Among the nine included studies, depression was found to have improved in five studies, while no change was observed in the remaining four studies. Two studies were excluded in the meta-analysis due to insufficient information on the scores of depression. Meta-analysis was performed to detect the effect of qigong on depression and a small to medium significant effect was found (SMD = −0.27, p < 0.05, I 2 = 27%; Figure 2 ). Selfreported scales including the Geriatric Depression Scale, Center for Epidemiologic Studies Depression Scale, Depression Anxiety and Stress Scales, Hamilton Depression Rating Score, and Zung's Self-Rating Depression Scale were used in the included studies. 
Possible Mechanisms of Qigong on Depression Neuroendocrine: The Hypothalamic-Pituitary-Adrenal Axis
The HPA axis and the cortisol level were studied in six studies. Five studies collected salivary samples and one study collected urine sample for cortisol analysis. Three studies found significantly lower cortisol levels for the experimental group than the control group during post-assessment (34) (35) (36) . At the same time, two of the studies showed a significant reduction in depression in the qigong group compared to baseline (35, 36) , while Chow et al. (34) showed a decrease in depression, which was, however, statistically insignificant (p = 0.053). Chow further showed a significantly lower cortisol levels during follow-up assessment in the experimental group (p < 0.001).
On the other hand, three studies found no significant difference in cortisol between groups across all assessment time points (37, 38, 12) . However, two studies found that there was a significant decrease in depression in midpoint and post-assessment, while one study found no change in depression. Meta-analysis was performed on the cortisol levels and no significant effect was found (SMD = −0.12, p = 0.59, I 2 = 64%) (Figure 3) .
Neuroendocrine: Renin-Angiotensin System
Aldosterone and renin were studied in one study (37) . Cheung et al. (37) showed no significant difference in aldosterone between two groups. In addition, renin was reported to have decreased significantly for both experimental and control groups. For the symptoms of depression, no significant difference between two groups was observed.
Neurotransmitters: Serotonin
The level of serotonin was studied in one study (12) . While Tsang et al. (12) found a significant decrease in depression at post-assessment, they found no significant difference in serotonin compared to baseline and no group × time interaction effect was observed. Table 1 summarizes the results of the neuroendocrine outcomes of the included studies.
Autonomic Nervous System
Blood pressure was studied in four studies. One study found that both systolic and diastolic blood pressure was significantly lower in the experimental group compared to the control group after qigong intervention (34) . Two studies found no significant differences between group or time (39, 31) . All four studies showed no significant difference between or within groups for depression.
Among the two studies which showed significant differences, both studies showed no significant differences in depression (37, 34) . Two studies showed a significant difference in depression at post-assessment compared to baseline (40, 41) , while three studies showed no significant group and time difference in depression. Only one study showed no significant difference in blood pressure as well as depression across time (39) . Metaanalysis was performed on blood pressure, which showed a large and significant effect of qigong interventions on reducing diastolic blood pressure (SMD = −1.64, p < 0.05, I 2 = 31%; Figure 4) . However, the effect of qigong on systolic blood pressure was not statistically significant (SMD = −0.06, p = 0.78, I 2 = 75%).
Heart rate was studied in three studies and heart rate variability was studied in one study. For heart rate, one out of three studies found a significantly lower heart rate at post-assessment (42) , and one study found a significant group × time interaction effect (39) . The remaining study found no significant effect of heart rate (34) . All of these three studies found no significant difference in depression between groups and times. One study showed no significant change in heart rate and depression (34) . For heart rate variability, no significant change was found (31) . Also, the same study showed no significant difference between groups in depression. There were enough studies to perform meta-analysis on heart rate. Unfortunately, after Egger's regression test, studies which involved heart rate showed publication bias (p < 0.1). As a result, meta-analysis was not performed on this outcome.
Immune System
C-reactive protein (CRP) was studied in two studies (41, 42) and immunoglobin A (IgA) was studied in one study (35) . For CRP, Lavretsky et al. (41) found significant between-group difference, while Payne et al. (42) found significant time difference. Lavretsky et al. (41) also showed a significant between-group difference in CRP as well as depression.
Immunoglobulin A was studied in one study (35) . Chan et al. (35) showed that the qigong group had a significant increase in IgA at both midpoint assessment (p = 0.018) and post-assessment (p = 0.018) compared to pre-assessment. While the control group had a trend of increasing in IgA level, it was not significant. The researchers also found a significant reduction in depression in the qigong group compared to baseline. This study provided evidence that qigong was able to demonstrate a significant increase in a mucosal immune marker.
Metabolism System
Cholesterol and triglycerides were studied in two studies. One study found only a significant decrease in cholesterol at postassessment, but not triglycerides. Also, no significance was reported for depression (37) . Another study (31) found no significant difference in cholesterol and triglycerides as well as depression.
Blood lipid was studied in one study (31) and found no significant change at post-assessment. There was no significant difference in depression between groups in the same study. Lipoproteins (low-and high-density lipoproteins, LDL and HDL, respectively) were studied in two studies. Both studies found no significant difference between group and time (37, 31) . However, Cheung et al. found a significant difference for HDL at post-assessment compared to baseline. Both studies found no significant difference for depression. Table 2 summarized the results of the physiological outcomes of the included studies.
Psychological Outcomes
Self-concept and self-efficacy were studied in one study. Tsang et al. (12) studied the change in self-concept before and after the intervention and showed a significant group × time effects of some categories under self-concept. The experimental group experienced lower self-concept in leisure life during midpoint assessment. During the post-assessment, the experimental group showed enhancement of self-concept of physical wellbeing. For self-efficacy, Tsang found that the experimental group had significantly higher levels of self-efficacy during midpoint assessment (p < 0.025). This significant difference was also found in the post-assessment period (p < 0.05). At the same time, this study showed a significant decrease in depression for the experimental group in midpoint and post-assessments. Further analysis was done, and it showed that depression was significantly correlated with self-efficacy. Linear regression showed that the change in self-efficacy was able to explain the change in reported depression symptoms. Table 3 summarizes the results of the psychological outcomes of the included studies.
Risk of Bias of the included Studies
The risk of bias assessment tools based on Cochrane Reviews were used to assess the quality of the included studies by two reviewers. All included studies had high risk of performance bias (Figure 5) . Participants were able to identify which groups they belonged to, and this may affect the results of the study. In addition, over half of the included studies were rated as having unknown or high risks in the categories of allocation concealment and incomplete outcome data.
DiSCUSSiON
In this review, participants in the included studies mostly had mild depressive mood. As shown in the meta-analysis, qigong is effective in reducing the symptoms of depression based on the meta-analytical results of seven studies under intensive review. Although the number of weeks and duration of practicing qigong were quite different in the included studies, participants generally showed improvement when they practiced qigong twice a week or more. This is to date the most evidence-based conclusion on the anti-depressive effects of qigong. This review has at the same time further advanced our knowledge on understanding the therapeutic application of qigong by looking into the reasons or mechanisms that may explain this effect of qigong based on existing studies. To summarize the metaanalytical results, the most valid neurophysiological mechanism is that qigong reduces depression by regulating the autonomic nervous system, specifically by upregulating the parasympathetic nervous system. Although our meta-analysis result is based only on blood pressure, which is one of the main indicators of autonomic nervous system (43) , it shows a significant effect, as illustrated in Figure 6 . On the other hand, the effect of qigong on the HPA axis still remains unclear. While meta-analysis shows no significant effect, there is evidence that it can reduce saliva cortisol level (44) , and depression is related to the hyperactivity of the HPA axis (45) . This meta-analysis cannot provide evidence to confirm the HPA theory, and this may be due to the small amount of available studies.
There are a number of outcomes that did not meet the criteria to be included in the meta-analysis. However, these outcomes may also be indicators of the possible neurophysiological or psychological pathways that can explain how qigong leads to an alleviation in depression. Meta-analysis could not be performed on the outcome of immune system due to the limited number of available studies, and thus the immune system theory could not be supported. Even though some of the outcomes are eligible for meta-analysis, only few studies have investigated the particular outcome. As a result, additional pathways and pathways that need further investigation are proposed and summarized as dotted lines in Figure 6 . Another possible pathway is that qigong may be able to boost the immune system and thus reduce the level of CRP. This again will lead to a decrease in depression. This is consistent with previous studies showing CRP to be linked to depression (46) and significant reduction of CRP after qigong intervention (47) . Last but not least, qigong is essentially a mind-body exercise and it may help to increase psychological well-being by helping individuals develop positive thinking patterns. This may result in an increase in self-concept and self-efficacy and a decrease in perceived stress. The result of this will be a decrease in depression.
There are several limitations with this meta-analytical review. First of all, randomized controlled trials (RCTs) that may be included are limited. RCTs in fact provide the highest level of evidence which is needed in evidence-based practice. If more RCTs are available, the evidence will be more solid and valid as to unraveling the underlying mechanisms of qigong on depression. Second, studies included in this review used different populations with depressive mood. As a result, it is difficult to conclude if the mechanism is related to depression or other comorbid conditions. Also, studies in this line of research used varied types of outcome measures that made meta-analysis difficult. In addition, the types of qigong used were different in different studies. It is hard for researchers to make recommendations on the type of qigong that would be the most beneficial for people with depression. Last but not least, there was no study that examined the neurological mechanism of qigong on depression. Therefore, how our brain perceives and reacts to qigong and how these make changes in the brain remain unknown. Regarding the quality of the existing RCTs, there is much room for improvement. Blinding of participants and personnel may be difficult due to the nature of the intervention. However, other categories such as allocation concealment and incomplete outcome data could be improved by providing more details of the process of the research. To look ahead, more research efforts should be directed towards exploring the anti-depressive mechanism of qigong. Future studies can use RCTs with higher quality of designs to explore the pathways proposed in this review but have not been confirmed. Also, future studies need to investigate the effectiveness of different types of qigong and its mechanism for people with clinical depression or healthy adults with depressive mood. In addition, future studies can make use of more advanced technologies to look at the neurological mechanism of qigong. For example, the change of brainwaves may be studied by electroencephalogram and event-related potential and the corresponding brain areas that are activated by qigong practice may be studied by fMRI. If researchers are able to put together a more complete picture of the anti-depressive mechanism of qigong, we may have more evidence to inform the clinicians for more effective practice in different clinical settings. It is especially important as qigong is a low-cost treatment which is very easy to get patients engaged in it. Moreover, it does not have any side effects that current medication has (48) . Most importantly, if qigong, unlike antidepressants (49) , is able to help individuals reduce depression without increasing the risk of hypertension, it could be used as an alternative and/or adjunctive treatment for depression in a safe manner. Based on the results of this study, qigong can be promoted as a preventive intervention so that the public can practice and prevent themselves suffering from clinical depression and other chronic diseases such as hypertension.
CONCLUSiON
This meta-analytical review has further unraveled the biological underpinnings of the effects of qigong on those with depressive symptoms by providing evidence to bolster its effect to reduce depression through activating the parasympathetic nervous system. Other possible pathways are also proposed, but need to be further tested in future research. Finally, more research is needed to provide solid evidence for the anti-depressive effects of qigong so that clinicians will be able to utilize qigong practice in the clinical settings.
DATA AvAiLABiLiTy STATeMeNT
All datasets analyzed for this study are included in the manuscript and the supplementary files. 
